Abstract. Polymorphisms of 21 date cultivars (Phoenix dactylifera L.) in California were determined by amplified fragment length polymorphism (AFLP) analysis with near infrared fluorescence labeled primers. Four primer sets were used to detect polymorphisms. Based on the UPGMA-cluster analysis of 328 polymorphic bands, the majority of the cultivars was separated into two major groups. Cultivars Abada, Amir Hajj, Ashrasi, Bentamoda, Boyer No. 11, Deglet Beida, Horra, Javis No. 1, Khadrawy, and Thoory belonged to group I. Cultivars Badrayah, Dayri, Halawy, Haziz, Khir, Medjool, Sayer, and Zahidi belonged to group II. Cultivars Barhee and Deglet Noor were further separated from groups I and II. 'Hayany' was distinct from all other date cultivars tested. These results demonstrated that AFLP markers could efficiently identify individual date cultivars. The information will be useful for future date germplasm collection and facilitated selection of diverse parents for cross hybridization in a breeding program.
peach (Prunus persica L.) (Dirlewanger et al., 1998) , pear (Pyrus communis L.) (Monte-Corvo et al., 2000) , and sweet cherry (Prunus avium L.) (Struss et al., 2001) . AFLP markers also were used in date palm breeding program for potential mapping population (El-Kharbotly et al., 1998) . Thirty-five primer sets were used to detect polymorphic bands between parental cultivars Um-Assla and KL-96. On average, 25.7 bands were detected per primer set and with 9.4 polymorphic bands per primer set. The percentage of polymorphic bands ranged from 4% to 55% depending on the primer combination. The objectives of this study were to develop a date palm cultivar identification system in California based on AFLP markers to confirm the identity of young date palm offshoots and to determine the genetic relationship among diverse California-grown date palm cultivars.
Materials and Methods
Plant materials. Young leaves of 21 date cultivars were collected from the USDA germplasm collection at Coachella Valley Agricultural Research Station (CVARS), Univ. of California Riverside, Thermal, Calif. (Table  1 ). The sample of cultivar Dayri was obtained from commercial planting in Coachella Valley. A P. sylvestris (also called wild date or Indian date) individual from the germplasm collection was included in the study for comparison. This species is a species very closely related to P. dactylifera (Barrow, 1998) .
DNA extraction and AFLP reaction. Total DNA was isolated from young leaves using a C-TAB extraction method (Doyle and Doyle, 1987) and quantified by Hoefer DyNA Quant200 (Pharmacia Biotech, Piscataway, N.J.). AFLP analysis was conducted using the GIBRL BRL AFLP System II (Life Technologies, Grand Island, N.Y.) and visualized with the LI-COR IR automated sequencer 4000L (LI-COR, Lincoln, Nebr.). Genomic DNA (125 ng) was digested with 1 µL of mixture of EcoR I/Mse I (1.25 units/µL) at 37 °C overnight, and ligated to EcoR I/Mse I adapters with 1.5 µL (1 unit/µL) of T4 DNA ligase at 25 °C for at least 6 h. For the pre-amplification reaction, we used a mixture of 2.5 µL of DNA from the ligation reaction, 20 µL of Preamp mix II, 2.5 µL of 10 × PCR buffer, and 0. Dates (Phoenix dactylifera) (2n = 2x = 36) are dioecious and perennial fruit trees, belonging to the family Arecaceae (Coryphoideae). Thirteen species are now recognized within the genus Phoenix (Barrow, 1998) . The California date industry was established in the late 19 th century using offshoots of many cultivars imported between 1890 to 1922 from different date-growing regions of Algeria, Egypt, Iraq, and Tunisia (Nixon, 1950; Nixon and Carpenter, 1978) . Additional cultivars also were introduced into California in recent decades. California produces nearly all the date crops in the United States. The nearly 2,000 ha of date palms in California produce 22,000 tons of dates each year valued between 23-30 million dollars from 1997 to 1999 [U.S. Dept. of Agriculture (USDA) Statistics, 2001] . The United States also has imported between 2,500 to 10,000 tons of dates annually in the past 15 years. The demand for date palm offshoots and mature palms from the landscape industry has been very high for the past few years. The California date industry could expand into this market. In 1999, 892,200 ha of dates were harvested and 5,049,733 tons of dates produced worldwide.
The origin of date palm is unclear because of the long history of cultivation. Date is believed to be a native of western India or the Arabian Gulf region, possibly southern Iraq (Wrigley, 1995) . However, genetic relationships among date cultivars remain obscure. Date palms are commonly identified by morphological features, including general morphology, leaf bases, spines, pinnae, fruit stalks, and fruit, that can be used to differentiate 45 imported cultivars in California (Nixon, 1950) . However, many of these morphological features, notably fruit features, only occur in mature trees. A minimum of 3-5 years is required before these features can be identified. The morphological features can be affected by environmental factors (i.e., phenotypic plasticity) and may not reflect the true genetic relationships. In recent years, several other methods have been used to identify date cultivars. Morphology of pollen grains was used to identify four male cultivars and other Phoenix species (Tisserat and Demason, 1982) . In addition, isozyme markers estimated the genetic variability among date cultivars, although not all cultivars tested could be differentiated (Al-Jibouri and Adham, 1990; Baaziz and Saaidi, 1988; Bennaceur et al., 1991; Torres and Tisserat, 1980) . RFLP analysis with a single cDNA probe differentiated four date cultivars: 'Kenessy', 'Lulu', 'Nabtha Saïf', and 'Sheshi'. (Corniquel and Mercier, 1997) . RFLP and RAPD markers identified five date cultivars: 'Barhee', 'Deglet Noor', 'Khadrawy', 'Khalassa', and 'Medjool' (Corniquel and Mercier, 1994) . RAPD markers also identified date palm accessions in Egypt, Morocco, and Tunisia (Mokhtar et al., 1998; Saker and Moursy, 1998; Sedra et al., 1998) .
Amplified fragment length polymorphisms (AFLP) are polymerase chain reaction (PCR) based markers (Vos et al., 1995) that have been reliably used for genome mapping and examination of genetic diversity between closely related species, populations, or both. AFLP markers have evaluated diversity and relationships in many fruit crops, such as apple (Malus ×domestica Borkh.) (Goulâo et al., 2001) , banana (Musa L.) (Loh et al., 2000) , coconut (Cocos nucifera L.) (Perera et al., 1998) , grape (Vitis vinifera L.) (Cervera et al., 1998) , olive (Olea europaea L.) (Angiolillo et al., 1999) 
o C for 1 min + 1 s/cycle, then 72 °C for 3 min. Both pre-and selective-amplification conditions were modified according to Myburg et al. (2000) . In order to identify the primer combinations revealing clear, reproducible polymorphisms, we screened 32 primer combinations using two date cultivars (Deglet Noor and Medjool). The products from the selective amplification were electrophoresed on a 25-cm × 0.25-mm 8% denaturing polyacrylamide long ranger gel solution (BMA, Rockland, Maine) with 0.8× TBE buffer using a LI-COR automated sequencer 4000L. The gel was pre-run for 10 to 20 min at 1500 V, 40 mA, and 40 W until the gel temperature reached 50 °C. The samples were denatured at 95 °C for 3 min and immediately placed on ice. We loaded 1.15 µL of samples and 1 µL of mixture of IRD700 and IRD800 size markers. Samples were electrophoresed at 1500 V, 50 °C for 3.5 h.
Data analysis. All AFLP analyses were performed in duplicates. Clear and unambiguous AFLP bands were scored as present (1) or absent (0) using the Cross Checker software (version 2.9) (http://www.spg.wau.nl/pv/pub/ CrossCheck) to create the binary data set. The bands were re-checked visually to avoid any misinterpretation of the scored bands. A dendrogram based on genetic distance was constructed by NTSYS version 2.1 (Exeter Software, Setauket, N.Y.) (Rohlf, 2000) based on the unweighted pair group method with arithmetic average (UPGMA).
Results and Discussion
AFLP fingerprinting and polymorphism in date cultivars. Initially, 32 primer combinations were screened using two date cultivars (data not shown). Generally, primer pairs produced 50-70 bands, with band size ranging from 50-700 bp. The number of AFLP bands that we detected using the fluorescence labeled AFLP method is much higher than the average 25.7 bands tested in date palm using the radioactive ( 32 P) labeled AFLP method (El-Kharbotly et al., 1998) . Direct comparison between the two labeling method showed that the fluorescence labeled AFLP method offered significant improvement of fragment sizing and data handling (Zhang et al., 1999) . It was also more accurate and more efficient. Based on the initial screening, four primer combinations, IRD800 E-AC/M-CAG, IRD700 E-TA/M-CAG, IRD800 E-AG/M-CAT, and IRD700 E-TG/ M-CAT, were selected for the study of date cultivars. These four primer sets generated clear, consistent patterns for 21 date cultivars and P. sylvestris. A total of 328 polymorphic AFLP bands were scored for all the samples. On average, each primer combination generated ≈70 polymorphic bands. An example of the AFLP fingerprinting with primer set IRD800 E-AG/M-CAT is shown (Fig. 1) where majority of the 21 date cultivars and P. sylvestris were uniquely identified.
Genetic diversity among date cultivars. UPGMA analysis of 21 date cultivars and P. sylvestris based on AFLPs differentiated two major groups based on AFLP markers (Fig. 2) . Both groups included cultivars originally introduced from Iraq or Algeria. Dates have been cultivated in the regions of North Africa, the Mediterranean, and Arabian Peninsula for over 5000 years (Wrigley, 1995; Zohary and Hopf, 1988) . Complex introductions and exchanges of germplasm between date growing countries occurred through out the long history. Thus, the countries from which these date cultivars were introduced into the United States. may not reflect their origin. The two groups of date cultivars identified in the study may represent two groups of dates from different geographic origins or could represent groups separated by biological barriers. Regardless of the basis for their distinct genetic patterns, these two groups should be intercrossed in future breeding programs. Cultivars Barhee and Deglet Noor are more distant from both groups and 'Hayany' formed a fourth group. P. sylvestris was positioned outside of the date cultivars, but was similar enough to dates to suggest that interspecific hybrids between P. dactylifera and P. sylvestris may have occurred. Other types of molecular markers such as micro-satellite markers and comparisons of genetic maps will be informative in determining the possibility of hybrid origins. A larger and more diverse collection of date cultivars in all date growing counties should also be undertaken. Sedra et al. (1998) found low levels of polymorphism using the RAPD markers among date accessions in Morocco. In contrast, our AFLP marker system demonstrated polymorphisms that differentiated each of the date cultivars. AFLP fingerprinting is recommended for future date cultivar identification, identification of duplicated and mixed accessions, determination of genetic relationships among germplasm introductions, evaluation of the genetic identity and changes in tissue culture derived date palms, confirmation of the identity of off-shoots during propagation, and study of genetic strains within the same cultivar.
